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AUTOMATIC VSWR SENSING FOR 
AIRCRAFT-MOUNTED PULSE RADAR 

SYSTEMS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the ?eld of aircraft 

mounted, radar frequency units such as weather radar and 
transponders. More particularly, the invention is concerned 
with a radar frequency unit operable for transmitting a low 
energy test output signal and processing the resulting test 
return signal to determine the VSWR. If the VSWR exceeds 
a predetermined threshold, transmission of a nominal energy 
output signal is prevented. 

2. Description of the Prior Art 
Aircraft-mounted radar units are subject to receiver dam 

age if a return signal presents an excessive energy level. This 
can occur, for example, if the radar unit is activated near a 
strong re?ector such as a aircraft hangar. In such cases, the 
energy level of the return signal may exceed the capabilities 
of the receiver. 

In order to minimize damage, some prior art units include 
a diode limiter as the ?rst component in the receiver circuit. 
Particularly strong return signals, however, may exceed the 
capacity of the limiter. When this occurs, the radar unit is out 
of service and the aircraft may be grounded until the limiter 
is replaced. 

Higher capacity limiters may be installed, but this adds 
additional cost to the radar unit and may not be practical 
because of space limitations in the radome. Accordingly, the 
prior art points out the need a way to prevent receiver 
damage from high energy return signals. 

SUMMARY OF THE INVENTION 

The present invention solves the prior art problems dis 
cussed above and provides a distinct advance in the state of 
the art. More particularly, the invention hereof provides an 
economical and space-saving means to prevent radar unit 
receiver damage caused by high energy return signals. 

In the preferred embodiment, the radar unit transmits a 
low energy, test output signal such that the maximum energy 
level of a resulting test return signal is less than a maximum 
allowable level. The test return signal is then processed to 
determine whether the energy level of the test return signal 
exceeds a predetermined threshold, indicating that a nominal 
energy transmission would exceed the maximum allowable 
level. If this is the case, the unit prevents transmission of a 
nominal level output signal. 

In preferred forms, the VSWR (voltage standing wave 
ratio) is determined from the test output and test return 
signals and the VSWR compared to a predetermined VSWR 
threshold. In one embodiment, the VSWR is used to deter 
mine the energy level for an output signal of lower power 
such that the energy level of a return signal would not exceed 
the maximum allowable level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The single drawing FIGURE is a block diagram repre 
sentative of the preferred radar unit apparatus of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

As illustrated in the drawing ?gure, preferred radar fre 
quency unit apparatus 10 includes transmitter section 12, 
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2 
antenna section 14, receiver section 16 and control section 
18. The electrical components of apparatus 10 are preferably 
model ART 2000 available from AlliedSignal of Olathe, 
Kans., operable under program control and modi?ed as 
described herein to implement the present invention. As 
used herein, radar frequency unit or radar apparatus also 
encompasses transponders in addition to weather radar 
systems, for example. 

Transmitter section 12 includes power supply 20, pulse 
forming network 22, 4000 watt magnetron 24 and E-plane 
isolator 26. Power supply 20 and pulse forming network 22 
provide magnetron 2A with a pulse of 3600 volts at 3 amps 
for 4 microseconds according to the pulse Width signal 
received from control section 18. In response, magnetron 24 
?res and provides an rf pulse to isolator 26 which protects 
the magnetron from being pulled in the event of a high 
VSWR from the antenna or radar. 

Antenna section 14 includes E-plane circulator 28, har 
monic ?lter 30, antenna 32 and antenna control circuit 34. 
Three-port circulator 28 receives the If pulse from isolator 
26 and allows the magnetron energy to pass through to 
antenna 32 by way of ?lter 30 but prevents energy passage 
to receiver section 16. Circulator 28 provides 20 dB reverse 
isolation. From circulator 28, the If pulse passes through 
harmonic ?lter 30 which is a low pass ?lter having a break 
point of about 12 GHz. Filter 30 reduces the power in the 
second harmonic in order to satisfy radiated harmonic 
speci?cations. The rf pulse is then radiated by antenna 32 as 
an output signal to the atmosphere wi?r a gain of 26.0 dBi 
as the preferred nominal energy level for a 10 inch antenna 
(or 27.8 dBi for a 12 inch antenna). 

Antenna control circuit 34 includes conventional azimuth 
and pitch motors and respective drive circuits along with 
azimuth and pitch Hall sensors (not shown) coupled with 
control section 18. Circuit 34 controls the azimuth and pitch 
movements of antenna 32. 
A return signal resulting from the transmission of the 

output signal is received by antenna 32 and passes to 
circulator 28 by way of ?lter 30. Circulator 28 prevents the 
return signal from passing to magnetron 24. Instead, circu 
lator 28 presents the return signal to receiver section 16. 

Receiver section 16 includes diode limiter 36, mixer 
circuit 38, pre-ampli?er 40, band pass ?lter 42, AGC ampli 
?er 44, manual gain ampli?er 46, receiver circuit 48, display 
circuit 50, AGC drive 52 and manual gain drive 54. Diode 
limiter 36 receives the return signal from circulator 28 and 
is used to protect the components of receiver section 16 from 
damage caused by high energy level signals. In particular, 
limiter 36 limits the amount of return signal energy passed 
to the other components of receiver section 16. Moreover, 
even though circulator 28 provides 20 ‘dB of isolation from 
magnetron 24, some magnetron energy passes from the 
receiver port of circulator 28. Limiter 36 also limits the 
amount of magnetron energy passed to the other receiver 
components. 
Mixer 38 includes a low noise ampli?er, mixer, local 

oscillator and unity gain buffer. Mixer 38 receives the return 
signal from limiter 36 and provides a buffered 59 MHz IF 
return signal with a gain of 5 dB to preampli?er 40 which 
provides a gain of about 30 dB. From preampli?er 40, the 
return signal passes through 800 kHz band pass ?lter 42. 

Ampli?ers 44 and 46 provide two stages of gain. AGC 
amp provides sensitivity timing control and the AGC can 
vary from 35 dB to —5 dB of gain according to the control 
input of AGC drive 52. Manual gain ampli?er 46 is the 
ampli?er adjusted when I a manual gain adjustment is 
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selected by the user of apparatus 10. The gain of ampli?er 
46 varies from about 30 dB to 10 dB depending upon the 
selected gain setting. 
The return signal output from ampli?er 46 is supplied to 

receiver circuitry 48 (individual components not shown) 
which processes the return signal in a conventional manner 
to provide digital data representative thereof to control 
section 18 by way of the data bus and to display circuit 50. 

Display circuit 50 includes a conventional weather radar 
display and associated components to provide a visual 
representation of return signal to the pilot such as cloud 
formations. As discussed further herein, circuit 50 also 
includes a VSWR display. 
AGC drive 52 and manual gain drive 54 provide gain 

control outputs to ampli?ers 44 and 46 respectively accord 
ing to data supplied over the data bus from control section 
18. 

Control section 18 includes microprocessor S6, read-only 
memory (ROM) 58 and output port 60 along with conven 
tional support circuit 62 (individual components not shown) 
such as RAM, EEPROM, chip select, reset and watchdog 
circuit, oscillator, time line interrupt, pulse width and AFC 
timing, input ports and multiplex gateways. Microprocessor 
56 operates in accordance with a computer program stored 
in ROM 58. Output port 60 supplies the pulse width signal 
to pulse fonning network 22 according to the program in 
ROM 58. ' 

The preferred method of the present invention is imple 
mented by the operating program stored in ROM 58 modi 
?ed to perform the steps described herein. As discussed 
above, the nominal output signal is a 4 kW signal (6 kW with 
a 12 inch antenna) with a time pulse width of 4 microsec 
onds resulting in a normal maximum re?ected power in the 
return signal of 500 watts. Accordingly, receiver circuit 16 
is con?gured to handle a 500 watt return signal and limiter 
36 is con?gured to limit signal strength to this level. In some 
circumstances, however, a nominal output signal can result 
in a return signal exceeding the 500 watt level. This might 
occur upon re?ection from a nearby re?ector such as an 
aircraft hangar or when the radome is defective, for 
example. In such an event, the return signal energy level 
may be high enough to damage the limiter. 

Accordingly, apparatus 10 is programmed to operate in a 
test mode ?'om time to time as explained further herein. In 
the test mode, the program transmits a test output signal 
instead of the nominal output signal. The preferred test 
output signal presents a reduced energy level as a pulse 
having a time pulse width of 1 microsecond instead of the 
nominal 4 microseconds. As a result, the test output signal 
energy is about one fourth that of the nominal output signal 
energy. The test output signal energy is con?gured so that 
the maximum energy level of a resulting test return signal is 
less than the preferred maximum allowable level of 500 
watts. That is to say, even if the aircraft is in the vicinity of 
a nearby re?ector, the maximum energy level of a return 
signal would not exceed the maximum allowable level. 
A test return signal resulting from transmission of the test 

output signal is received through antenna section 14 and 
processed in receiver section 16 and control section 18. As 
will be appreciated, the test return signal presents a low 
signal strength. Accordingly, the program causes AGC drive 
52 and manual gain drive 54 to increase the gains of 
ampli?ers 44 and 46 respectively to gains high enough for 
accurate analysis. In the preferred embodiment, the gains of 
ampli?ers 44, 46 are adjusted to maximum below saturation. 

Next, the program determines the relationship between 
the energy levels of the test output signal and the test return 
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4 
signal. Speci?cally, the program determines the VSWR 
which is presented on the display of display circuit 50. Next, 
the program compares the VSWR to a predetermined 
threshold, which is a VSWR of 2/1 in the preferred embodi 
ment. Ifthe VSWR exceeds this threshold, this indicates that 
transmission of a nominal energy level output signal would 
result in a return signal energy level exceeding the maximum 
allowable level. Accordingly, the program prevents trans 
mission of a nominal energy level output signal. 

In one embodiment of the invention, the program acti 
vates an alarm (included as part of display circuit 50) if the 
VSWR exceeds the threshold. In another embodiment, the 
program also calculates a reduced energy level for a reduced 
energy output signal (3 microseconds, for example) such 
that a resulting return signal would present an energy level 
less than the maximum allowable level, and then enables 
operation of apparatus 10 using reduced energy output 
signals. The reduced energy output signals are subject to a 
minimum requirement that the energy be su?icient for useful 
operation of apparatus 10. 

In the preferred embodiment, the test mode would be 
implemented whenever apparatus 10 is energized, whenever 
the range is changed, or upon manual activation. It is also 
preferred that the program implement the test mode at each 
of selected antenna positions including the maximum and 
minimum, azimuth and pitch positions and the antenna 
center position. , 

Those skilled in the art will also appreciate that determi 
nation and display of the VSWR provides useful information 
during operation and repair. The VSWR display acts as an 
indicator to the pilot concerning the performance status of 
the radar unit. Additionally, the VSWR display can function 
as a radome tester. By comparing VSWR with the radome 
OE With the VSWR when the radome is in place, a technician 
can determine how much signal re?ection is caused by the 
radome itself. 

The present invention encompasses many variations in the 
preferred embodiments described herein. For example, the 
utility of the invention is not limited to pulse radar systems 
or to radar units at the power levels described herein. 

Having thus described the preferred embodiments of the 
present invention, the following is claimed as new and 
desired to be secured by Letters Patent: 

1. In an aircraft-mounted, radar frequency unit including 
a transmitter operable for transmitting a radar frequency 
output signal at a nominal energy level, a receiver operable 
for receiving and processing a return signal resulting from 
transmission of the output signal, and control means for 
controlling the energy level of the output signal, a method of 
operating the unit comprising the steps of: 

(a) preceding transmission of an output signal at a nomi 
nal energy level, transmitting a test output signal pre 
senting an energy level such that the maximum energy 
level of a resulting test return signal is less than a 
maximum allowable level; 

(b) for a test return signal, determining whether the energy 
level of said test return signal exceeds a predetermined 
threshold, such being indicative that a nominal energy 
level output signal would result in a return signal 
energy level exceeding said allowable level; and 

(c) if said test return signal energy level exceeds said 
threshold, preventing transmission of a nominal energy 
level output signal. 

2. In an aircraft-mounted, radar frequency unit including 
a transmitter operable for transmitting a radar frequency 
output signal at a nominal energy level, a receiver operable 
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for receiving and processing a return signal resulting from 
transmission of the output signal, and control means for 
controlling the energy level of the output signal, a method of 
operating the unit comprising the steps of: 

(a) transmitting a test output signal presenting an energy 
level about one fourth of the energy level of a nominal 
energy level output signal such that the maximum 
energy level of a resulting test return signal is less than 
a maximum allowable level; 

(b) for a test return signal, determining whether the energy 
level of said test return signal exceeds a predetermined 
threshold, such being indicative that a nominal energy 
level output signal would result in a return signal 
energy level exceeding said allowable level; and 

(c) if said test return signal energy level exceeds said 
threshold, preventing transmission of a nominal energy 
level output signal. 

3. In an aircraft-mounted, radar frequency unit including 
a transmitter operable for transmitting a radar frequency 
output signal at a nominal energy level, said output signal 
being a pulse presenting an amplitude and a time pulse 
width, a receiver operable for receiving and processing a 
return signal resulting from transmission of the output 
signal, and control means for controlling the energy level of 
the output signal, a method of operating the unit comprising 
the steps of: 

(a) transmitting a test output signal having about one 
fourth the pulse width of the nominal energy level 
output signal such that the maximum energy level of a 
resulting test return signal is less than a maximum 
allowable level; 

(b) for a test return signal, determining whether the energy 
level of said test return signal exceeds a predetermined 
threshold, such being indicative that a nominal energy 
level output signal would result in a return signal 
energy level exceeding said allowable level; and 

(c) if said test return signal energy level exceeds said 
threshold, preventing transmission of a nominal energy 
level output signal. 

4. The method as set forth in claim 1, further including the 
step of repeating steps (a)—(c) on a predetermined, periodic 
basis. 

5. The method as set forth in claim 1, further including the 
step of performing steps (a)—(c) whenever the unit is ener 
gized. 

6. The method as set forth in claim 1, the unit including 
an antenna shiftable among a plurality of positions, said 
method further including the step of repeating steps (a)—(c) 
at selected ones of said positions. 

7. The method as set forth in claim 1, the unit being 
operable at a plurality of selectable range settings, said 
method including the step of repeating steps (a)—(c) when— 
ever one of said range settings is changed. 

8. The method as set forth in claim 1, the receiver 
including a signal energy limiter having a maximum 
capacity, said method including the step of performing step 
(a) so that said maximum allowable level corresponds to 
said maximum capacity. 

9. The method as set forth in claim 1, the receiver 
including an ampli?er with AGC, said method further 
including the step of adjusting said AGC to a level sufficient 
for performing step (b). 

10. The method as set forth in claim 1, step (b) including 
the step of determining the VSWR of said test output signal 
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6 
and said test return signal and determining whether said 
VSWR exceeds a VSWR threshold as said predetermined 
threshold. 

11. The method as set forth in claim 10, said method 
further including the step of providing a visual display of 
said VSWR. 

12. The method as set forth in claim 1, step (c) including 
the step of activating an alarm. 

13. The method as set forth in claim 1, there being a 
relationship between the energy levels of said test output 
signal and said test return signal, step (0) further including 
the steps of 

using said relationship to determine a reduced energy 
level for a reduced energy output signal such that a 
resulting return signal would present an energy level 
less than said maximum level, and 

enabling transmission of said reduced energy output sig 
nal. 

14. The method as set forth in claim 13, said relationship 
being the VSWR, said method further including the step of 
using said VSWR as said relationship. 

15. The method as set forth in claim 1, the unit being 
microprocessor-controlled in accordance with a computer 
program stored in memory, said method including the step 
of implementing steps (a)—(c) by way of a computer pro 
gram stored in the memory. 

16. The method as set forth in claim 1, the unit being 
microprocessor-controlled in accordance with a computer 
program stored in memory, said method including the step 
of revising the computer program in order to implement 
steps (a)—(c). 

17. In an aircraft-mounted, radar frequency unit including 
a transmitter operable for transmitting a radar frequency 
output signal at a nominal energy level, said output signal 
being a pulse presenting an amplitude and a time pulse 
width, a receiver operable for receiving and processing a 
return signal resulting from transmission of the output 
signal, and microprocessor control means for controlling the 
energy level of the output signal in accordance with a 
computer program stored in memory, a method of operating 
the unit comprising the steps of: 

(a) transmitting a test output signal as a pulse having a 
pulse width less than that of a nominal energy level 
output signal such that the maximum energy level of a 
resulting test return signal is less than a maximum 
allowable level, said maximum allowable level being 
an energy level above which the receiver is subject to 
damage; 

(b) for a test return signal, determining the VSWR of said 
test output signal and said test return signal and deter 
mining whether said VSWR exceeds a predetermined 
VSWR threshold, such being indicative that a nominal 
energy level output signal would result in a return 
signal energy level exceeding said allowable level; 

(c) if said VSWR exceeds said threshold, preventing 
transmission of a nominal energy level output signal; 
and 

said method including the step of implementing steps 
(a)—(c) in accordance with a computer program stored 
in memory. 

18. The method as set forth in claim 17, further including 
the steps of 

using said VSWR to determine a reduced energy level for 
a reduced energy output signal such that a resulting 
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return signal would present an energy level less than 
said maximum level, and 

enabling transmission of said reduced energy output sig 
nal. 

19. An aircraft mounted radar apparatus comprising: 

transmitter means for transmitting a radar frequency out 
put signal at a nominal energy level; 

receiver means for receiving and processing a return 
signal resulting from transmission of an output signal; 
and 

control means for controlling the operation of said trans 
mitter and receiver means, said control means includ 
ing means for 

controlling the transmission of a test output signal pre 
senting an energy level such that the maximum energy 
level of a resulting test return signal is less than a 
maximum allowable level, transmission of said test 
output signal preceding transmission of said nominal 
energy level signal; 

for a test return signal, determining whether the energy 
level of said test return signal exceeds a predetermined 

15 

20 

8 
threshold, such being indicative that a nominal energy 
level output signal would result in a return signal 
energy level exceeding said allowable level; and 

if said test return signal energy level exceeds said 
threshold, preventing transmission of a nominal energy 
level output signal. 

20. The apparatus as set forth in claim 19, the output 
signal being a pulse presenting an amplitude and a time 
pulse width, said control means including a microprocessor 
and a computer program stored in memory for operating said 
microprocessor, said test output signal being a pulse having 
a pulse width less than that of a nominal energy level output 
signal, said maximum allowable level being an energy level 
above which the receiver is subject to damage, said control 
means including means for determining the VSWR of said 
test output signal and said test return signal and determining 
whether said VSWR exceeds a VSWR threshold as said 

predetermined threshold 

* * * * * 
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